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no serious or permanent deficits have followed except in two early cases in the series, both with large lesions inaccurately placed. Most of these patients had an interval of three to six months between their operations. However in one, because of severe intractable pain from rigidity, bilateral lesions of the pallidum were made within ten days of each other. He was dramatically improved and showed no deficits. From a chair life, he was able to walk and became almost fully independent. It is now our practice to decrease the time between bilateral capsular operations. Originally six months, it is now one month in some cases and in some of these patients festination appears to be improved more than hitherto, and in some the frequency of oculogyric crises has been reduced. It seems possible, by creating small strategically placed lesions, to perform bilateral operations on the pallidum or thalamus with less morbidity than was at first feared. However, we must review this group of patients carefully over a long time before firm conclusions can be reached. Bilateral procedures cannot be considered in those patients who show widespread effects of their disease.
Finally, the question which poses itself above all otherscan we slow the speed of deterioration or even halt this relentlessly progressive disease? There seems to be some evidence after five-and-ahalf years that we may be able to do so. Are we then dealing with a 'firing' lesion similar to that in epilepsy? We know that the successful excision of an epileptogenic focus not only relieves epilepsy but improves deteriorating affect and intellectual performance (e.g. hemispherectomy in infantile hemiplegia with intractable epilepsy and behaviour disorder). If patients with parkinsonism are treated adequately and early enough by surgery, although we may not yet be able to destroy the unknown source of the abnormal electrical impulses, we may be able to block them strategically. Thus we may prevent the widespread effects of the disease and slow or even halt its progression.
Stereotaxic surgery as a therapeutic weapon has undoubtedly much to offer, and its potential in the field of investigation of the underlying pathological processes involved in parkinsonism and other dyskinesias and in the furtherance of understanding of human neurophysiology is great.
Stereotaxic Surgery and Involumtary Movement by I R McCaul MB FRFPs (London)
Most of the stereotaxic procedures which I have undertaken during the past five years have been for relief of the rigidity and tremor of parkinsonism. I have a small series of 10 cases in which a similar procedure has been carried out for other types of involuntary movement. This series is a small one but I hope that my experiences, added to those of others, will help to broaden the field of stereotaxic surgery.
At the present time, practically all w ho practise stereotaxis in man identify the appropriate part of the brain by reference to recognizable points on the wall of the ventricular system, outlinedat least in parton a radiograph, by alr or p&sitive contrast. From such landmarks a target is plotted on an X-ray film. The first stage of the operation has now been completed. If there is to be an ultimate error in localization, this may already have been made. Various types ofmechanical aid enable the second stage to be carried out with perhaps greater or less facility, but it should be noted that stereotaxic instruments do no more than allow a cannula or electrode to be directed into the brain in such a way that the tip, if a further radiograph is taken, is found accurately to coincide with the pre-determined target.
The final stage, that of making a discrete destructive lesion in the brain, is preceded in some cases by an attempt to check the assumption that the radiological and anatomical targets are identical. Such are the fundamental steps in stereotaxic operations. Each step may be achieved by different surgeons in different ways, but the potential error in plotting the target always remains.
My own technique has been described in detail elsewhere (McCaul 1959) and I propose, therefore, to present merely an outline stressing only certain features which bear on operative intervention in some of the dyskinesias.
For the past three years my target has been a thalamic one except in one case in which both pallidal and thalamic lesions were -made. The radiological reference point on a lateral film was at first the mid-point of a line drawn from the centre of the foramen of Monto to the anterior tip of the pineal. This reference was later changed to a point 3 mm above the mid-intercommissural point, allowing for X-ray magnification. The two points are identical in the great majority of cases but the latter reference is more useful when referring to a brain atlas. In antero-posterior projection the distance from the mid-line has varied, depending on the size of the ventricular system. The target has been the same irrespective of whether the operation has been for parkinsonism or otherwise. Choice of one form or another of stereotaxic apparatus is a personal matter.
The instrument which I use is essentially a cannula or electrode guide which can be locked in any position. A directing rod can be fitted into the guide and a radio-opaque marker scale is constructed so that it can be made to touch the directing rod in any plane. The whole instrument, which is relatively small, is rigidly fixed to the skull by one screw fitting, which fits a burr hole made with a 16 mm Hudson burr. The whole operation is carried out under local anesthesia with the patient lying down. The instrument is inserted at any convenient point, the position depending on the direction from which one wishes to approach the target. Most of my patients are operated on in the supine position and I use a point on the skull near the coronal suture and far enough laterally to avoid the ventricular system. The directing rod is aimed roughly at the target and X-ray films in two planes are taken. A line drawn on them from the target through the centre of rotation of the electrode or cannula guide indicates on the marker scale in each plane where the directing rod should be in order that the guide points directly at the target. The depth to which the coagulating instrument must be inserted is found by calculating the magnification factor from a rod of known length inserted short of the target. A refinement suggested by Dr John Batesnamely that a short distance of the rod nearest to the target should be usedhas been adopted and a distance of 2 cm from the lower end, therefore, is indicated on the rod by a radio-opaque marker.
After introduction of a cannula or electrode two further radiographs are taken. There must be no question of magnifying a potential error in plotting the target by inaccuracy at this stage.
I am uncertain about the validity of observations following the making of a presumed reversible lesion in which an electrode, cannula or probe is withdrawn from the target area and reinserted into an adjacent area of brain after a relatively short time. I make my definitive lesion on the radiological target, except on a few occasions when stimulation has indicated that the internal capsule is very close.
At present I make a destructive lesion by electrocoagulation, but my previous practice, and the one used in this series of cases, was the injection of the alcohol-ethylene cellulose mixture introduced by Cooper (1956) thickened to the consistency of a paste by the addition of kaolin. This paste was injected very slowly indeed, the amount used depending on the effect on involuntary movement.
Surgery ofChoreiform Movement
A detailed report on the following case of hemiballismus is already available (Martin & McCaul 1959) . (A film of the patient was shown]. The patient was not a good candidate for surgery. She was 72 years of age, a diabetic with arterial hypertension; she had recently been in cardiac failure. A decision to treat her conservatively had to be reversed when she began once again to show signs of cardiac decompensation. Four weeks after the onset of ballism a destructive lesion was made in the ventrolateral thalamus by the injection of alcohol paste. The result was satisfactory and as far as the patient was aware she had no neurological deficit. When seen last, a year after operation, there had been no return of involuntary movement, but there was still a tendency for her to carry the previously affected upper limb slightly abducted at the shoulder and flexed at the elbow.
In another patient with hemiballismus it was noticed that on the injection of paste into what was thought to be the ventrolateral thalamus a reduction in the force and amplitude of involuntary movement was accompanied by an increasing paresis in the appropriate lower limb and the procedure was therefore stopped. On radiological grounds the site of the lesion appeared satisfactory. At a later date the ballism was stopped immediately on making a further lesion but this time using a pallidal target.
These two results seem to indicate that the findings of Carpenter et al. (1950) , that subthalamic hyperkinesia in the Rhesus monkey can be abolished by either a pallidal or thalamic lesion, also apply to man. I have two further patients in whom unilateral chorea of a chronic type was abolished by means of a thalamic lesion.
In all cases with choreiform movement, the amount of alcohol paste injected in order to obtain the desired result was much greater than that necessary for the relief of the tremor and rigidity of parkinsonism. Whether this means that pallidofugal section must be more complete or whether is destruction of other fibre tracts or nuclei is necessary, I do not know, but I suspect the former suggestion is more likely to be correct.
Before adopting the alcohol paste technique I obtained unimpressive results in cases of Huntington's chorea, dystonia musculorum and spasmodic torticollis. The lesions were made by electrocoagulation and in retrospect may well have been too small.
Injection of up to 1 c.c of alcohol paste is a benign procedure but the use of larger quantities is not devoid of risk. Furthermore, although a small quantity will assume a globular shape within the brain, larger amounts tend to follow the path of least resistance, which in this case is along the outside of the cannula used for injection, and a pear-shaped lesion results, the centre of which is not necessarily at the cannula tip. I have abandoned this method and have reverted to electrocoagulation. In cases in which a combined pallidal and thalamic lesion prove insufficient, I am prepared to enlarge the thalamic lesion at a second procedure after an interval of a few days.
I can confirm the claim by Cooper (1960) that intention tremor can be significantly reduced by a ventrolateral thalamic lesion. I do not agree, however, with the suggestion that such a result is due to interruption of cerebellothalamic fibres, some of which have already been damaged by disease. The experimental work of Carpenter & Stevens (1957) on the deep cerebellar nuclei and brachium conjunctivum would suggest that a more enduring ataxia and asynergia might be expected from such a lesion. That this does not in fact happen when section of the tract is carried out at a thalamic level suggest that for the relief of intention tremor, just as for that of parkinsonism and other types of involuntary movement, some limitation of pallidal outflow is necessary.
Stereotaxic Procedures 'for the

Relief of Pain by John Hankinson FRCS (Newcastle upon Tyne)
The classical operations for the relief of chronic pain frequently yield satisfactory results but their shortcomings are familiar. They are ineffective at times, either because of the situation of the pain or by reason of its peculiar, apparently 'central' nature. On the one hand spinothalamic cordotomy has been performed at increasingly rostral levelsdorsal, cervical, medullary and mesencephalicwith increasing operative mortality and liability to post-operative parmsthesixe. On the other hand various operations have been devised, particularly on the trigeminal nerve, to avoid troublesome paresthesixe or in an attempt to deal with atypical facial neuralgias.
It was not, therefore, surprising that the opportunities provided by the stereotaxic method of producing lesions should be applied to the problem of chronic pain. Cases of 'thalamic pain' and intractable facial pain were early operated on by Spiegel & Wycis and David, Talairach and their co-workers. Wycis et al. (1958) have reported --a number of such operations including lesions in the spinothalamic tract in the mesencephalon, in the nucleus ventralis posterolateralis, and a combination of mesencephalotomy with lesions of the dorsomedial nuclei.
Previously, in 1949, in treating thalamic pain Hcaen, Talairach, David and Dell combined lesions in the centre median with those in the nucleus ventralis posterolateralis or medialis. There have since been reports of series of similar cases from Hassler & Riechert (1954) and recently -an account of lesions in the ventral posterior thalamus in patients suffering from terminal cancer by Mark et al. (1960) of Boston and in the upper mid-brain by Mazars et al. (1960) of Paris.
Talairach et al. (1960) were able to modify abnormal sensations (e.g. painful phantom limbs) by varying the frequency of stimulation and by producing lesions in the thalamocortical projections.
The conclusions which can be drawn from these reports, from personal communications and from one's own experience, can be summarized as follows:
(1) The actual position of lesions has been -confirmed by autopsy too infrequently to justify speculation on the theoretical implications.
(2) Pain of the thalamic syndrome has responded to treatment best. (3) Thalamic pain is not caused by lesions in the nucleus ventralis posterior but may result from lesions in the mesencephalon caudal to the thalamus. (4) The period of relief even in terminal cancer may be marred by paresthesia. (5) Therefore, certainly for nonlethal chronic intractable pain, high spinothalamic lesions are to be avoided, and it seems that lesions of the specific ventroposterior nuclei need to be supplemented by lesions at some point in the diffuse, non-specific pathways. This view is based on the demonstration by Glees & Bailey (1951) and by Bowsher (1957) and others of the termination of the spinothalamic
